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(54) Wireless transmission using an adaptive transmit antenna array 



(57) Closed loop wireless communication of signals 
using an adaptive transmit antenna array (3), in which 
a plurality of copies of signals to be transmitted by the 
transmit antenna array (3) are produced with delays and 
weights {w J ) that are functions of the multi-path trans- 
mission channel characteristics (H) from the transmit 
antenna array (3) to a receive antenna array (4) of a re- 
ceiver (2) and are combined before transmission bythe 
transmit antenna array. The delays and weights (iv ) of 
the transmit copies for each transmit antenna element 
are functions of the respective multi-pat£i transmission 
channel characteristics (h ,...,h ..) from that 
transmit antenna element to'tne receive antenna array 
(4) ssuch that the multi-path signal components propa- 
gated to each receiver element are received with distin- 
guishable delays according to the propagation path. The 
receiver (2) combines the received signal components 



from each receive antenna element with delays and 
weights (u) that are respective functions of the multi- 
path transmission channels. 

Preferably, the receiver comprises a multi-finger 
RAKE receiver (6) that copies the received signals from 
the receive antenna array with delays and weights (u) 
that are respective functions of the multi-path transmis- 
sion channels and combines the copied received sig- 
nals. 
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Description 

Field of the invention 

[0001 ] This invention relates to closed loop wireless transmission of signals using an adaptive transmit antenna array 
and is particularly suitable for transmission in a delay-spread environment 

Background of the invention 

[0002] Wireless communication systems are assuming ever- increasing importance for the transmission of data, 
which is to be understood in its largest sense as covering speech or other sounds and images, for example, as well 
as abstract digital signals. 

[0003] Currently proposed standards for wireless communication systems include the 3GPP (3 rd generation Part- 
nership Project) and 3GPP2 standards, which use Code Division Multiple Access ('CDMA') and Frequency Division 
Duplex ('FDD') or Time Division Duplex (TDD*), the HIPERLAN and HIPERLAN2 local area network standards of the 
European Telecommunications Standards Institute ('ETSi'), which use Time Division Duplex (TDD 1 ) and the Interna- 
tional Telecommunications Union ('ITU') IMT-2000 standards. The present invention is applicable to systems of these 
kinds and other wireless communication systems. 

[0004] In order to improve the communication capacity of the systems while reducing the sensitivity of the systems 
to noise and interference and limiting the power of the transmissions, various techniques are used separately or in 
combination, including space-time diversity, where the same data is transmitted over different transmit and/or receive 
antenna elements, and frequency spreading, such as Orthogonal Frequency Division Multiplex ('OFDM') where the 
same data is spread over different channels distinguished by their sub-carrier frequency. 

[0005] At the receiver, the detection of the symbols is performed utilising knowledge of the complex channel atten- 
uation and phase shifts: the Channel State Information ('CSI'). The Channel State Information is obtained at the receiver 
by measuring the value of pilot signals transmitted together with the data from the transmitter. The knowledge of the 
channel enables the received signals to be processed jointly according to the Maximum Ratio Combining technique, 
in which the received signal is multiplied by the Hermitian transpose of the estimated channel transfer matrix. 
[0006] Two broad ways of managing the transmit diversity have been categorised as 'closed loop' and 'open loop'. 
In closed loop signal transmission, information concerning the transmission channels is utilised at the transmitter to 
improve the communication. For example, the document Tdoc SMG2 UMTS-L1 318/98 presented to the ETSi UMTS 
Physical Layer Expert Group describes operation of a Transmit Adaptive Array (TxAA) FDD scheme in which the 
dedicated channels are transmitted coherently with the same data and code at each transmit antenna, but with antenna- 
specific amplitude and phase weighting. The receiver uses pilots transmitted on the Common Channels to separately 
estimate the channels seen from each antenna. The receiver estimates the weights that should be applied at the 
transmitter to maximise the power received at the receiver, quantises the weights and feeds them back to the transmitter. 
The transmitter applies the respective quantised weights to the amplitudes and phases of the signals transmitted from 
each transmit antenna of the array. US Patent N° 6 1 92 256 assigned to the assignee of the present invention describes 
a closed loop transmission system of this kind. Alternatively, in TDD systems, the channel state information for weighting 
the signals applied to the downlink transmit antennas may be derived from the uplink signals, assuming that the down- 
link and uplink channels are reciprocal, without transmission of any specific channel or weighting information from the 
receiver to the transmitter. 

[0007] Further improvement in communication may be obtained by use of a RAKE receiver. In a multi-path channel, 
the original transmitted signal reflects from obstacles such as buildings, and mountains, and the receiver receives 
several copies of the signal with different delays. If the signals arrive more than one elementary signal element apart 
from each other, a simple receiver can resolve them. Actually, from each individual multi-path signal's point of view, 
other multi-path signals can be regarded as interference and they are suppressed by the processing gain of a simple 
receiver or a single RAKE receiver finger. 

[0008] A RAKE receiver obtains further benefit by combining the resolved multi-path Signals. The Review "An over- 
view of CDMA evolution toward wideband CDMA" by Ramjee Prasad and Tero Ojanpera, published by IEEE Commu- 
nications Surveys describes an example of a RAKE receiver. After spreading and modulation the signal is transmitted 
and the signals in the multi-path channels are delayed and attenuated by respective amounts. The RAKE receiver has 
a plurality of receiver fingers for receiving different multi-path components of the signal, in each finger, the received 
signal is correlated by a spreading code, which is time-aligned with the respective measured delay of the multi-path 
signal. After de-spreading, the signals are weighted and combined, for example by maximal ratio combining, that is to 
say weighting each signal by the path gain (attenuation factor). Since the received multi-path signals fade independ- 
ently, diversity order and thus performance are improved. 

[0009] In practice, movement of a mobile receiver will change the scattering environment and thus the delays and 
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attenuation factors will change as well. The RAKE receiver fingers may be defined by software algorithms rather than 
by hardware. The transmission multi-path channel profile is measured and the RAKE fingers may then be reallocated 
Small-scale changes are taken care of by a code-tracking loop, which tracks the time delay of each multi-path signal 
[0010] The document "Transmit diversity with joint pre-distortion", Tdoc 3GPP TSGR1 #6(99)91 8 August 1999 pre- 

5 sented to the 3GPP working group 1 , proposes for UMTS TDD mode p re-distorting the transmit signals separately (or 
simultaneously) on each smart antenna element in order to remove the need for joint detection at the receiver- the 
objective is stated to be to be able to use a single-finger RAKE receiver, that is to say that the transmitted signal is 
modified so that the received signal appears to the receiver as if it was not a multi-path signal but a single-path signal 
No advantage is gained from the multi-path diversity. 

w [0011] The article "Pre-equalization for MIMO wireless channels with delay spread" by H. Sampath H Bolcskei A 
J. Paulraj,, published by IEEE in VTC 2000 describes an OFDM transmission system in which channel knowledge 
made available at the transmitter is used to pre-equalise the signals transmitted from the transmit antennas so as to 
reduce the complexity of the mobile station. The system includes a Finite Impulse Response (FIR) filter that combines 
copies of the transmit signals with respective delays and weights (gains) and launches the combined signals from the 

'5 transmit antennas. 

[0012] In both case, such schemes attempt to make the channel look flat in order to minimize the interference and 
avoid the use of a multi-finger RAKE receiver or equaliser at the receiver. The present invention obtains improved 
performance compared to these systems by exploiting the multi-path signals. 

20 Summary of the invention 

[0013] The present invention provides a method of, and apparatus for, closed loop wireless transmission of signals 
using an adaptive transmit antenna array as described in the accompanying claims. 

25 Brief description of the drawings 

[0014] 
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Figure 1 is a schematic diagram of a communication system in accordance with one embodiment of the invention 
with N transmit antennas and M receive antennas, given by way of example, 

Figure 2 is a schematic diagram of a communication system of the kind shown in Figure 1 , with 2 transmit antennas 
and 1 receive antenna, 

Figure 3 is a schematic diagram of a base station in a communication system of the kind shown in Fiqure 1 with 
four transmit antennas, ' 

Figure 4 is a schematic diagram of a mobile station in a communication system of the kind shown in Fiqure 1 with 
two receive antennas, 

Figure 5 is a graph of the simulated bit-error-rate of a system of the kind shown in Figure 2 as a function of the ^ 
ratio of transmit energy per bit to noise (EJU 0 ) for different numbers of FIR coefficients for each transmit antenna, 

Figure 6 is a flow chart of a method of selecting FIR filter tap positions, calculating the coefficients and providing 
feedback from the mobile station to the base station in a preferred embodiment of the invention, and 

Figure 7 is a graph of the simulated bit-error-rate as a function of the ratio transmit energy per bit to noise (EJH ) 
for a system of the kind shown in Figure 2 having a reduced number of FIR taps at selected positions for each 
transmit antenna. 

Detailed description of the preferred embodiments 

[001 5] Figure 1 shows a first embodiment of a system for transmitting data by a transmit diversity wireless commu- 
nication network, the system comprising a first station 1 that will be described as the transmitter side (with primary 
reference to its transmission function) and a second station 2 that will be described as the receiver side (with primary 
reference to its reception function). In the present case, the first station 1 and the second station 2 are both capable 
of both transm,ssion and reception and, moreover, the same antenna elements are used both for transmission and 
reception in the preferred embodiment of the invention. 
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[001 6] The transmitter side 1 comprises an array 3 of N transmit antenna elements. The receiver side 2 of the system 
comprises an array 4 of M receive antenna elements. The number of antenna elements on each side is chosen as a 
compromise between economical considerations and the technical desirability to provide increased channel diversity. 
In the case of mobile telephony, a single base station serves many hundreds or even thousands of mobile units and it 
is therefore more economical to add antenna elements to the base station than to the mobile units. In the case of a 
local area network ('LAN'), however, the cost of the user stations is less critical and a higher number of antennas will 
be chosen on the user side than in the case of mobile telephony. 

[0017] Each transmit antenna element in the array 3 transmits over a variety of paths to each of the receive antenna 
elements in the array 4. Thus, considering the m th receive antenna element out of a total of M, each of the transmit 
antenna elements 1 to N transmits to the receive antenna element m over a variety of paths due to multiple reflections 
and scattering, which introduce complex multi-path fading. Let us denote LT st where T s is the reciprocal of the sample 
rate, the temporal window in which the channel energy is constrained. The L coefficients representing the different 
paths in the channel between transmit antenna n and receive antenna m are denoted h 1 L with n=1,...,N and 
m=1,...,M. For the sake of simplicity we will describe the situation below for the case wriere M= n 1 m A\so, the following 
description relates to an example of a frequency division duplex wide-band code division multiplex ('FDD W-CDMA*) 
system and is described with reference to transmission from a base station BS to a mobile station MS. Such a scheme 
can be considered for example for the UMTS FDD mode. However the present invention can be applied to other 
systems which use transmit diversity in presence of multi-paths. 

[0018] In operation, each symbol x in the signal to be transmitted is spread and applied on each of the N transmit 
antennas to a set 5 of Finite Impulse Response (FIR) filters (equivalent to a respective FIR filter for each transmit 
antenna). The receiver side 2 of the system comprises a demodulator/detector 6 which receives signals from the receive 
anten na element array 4 and detects the symbols x* from the received elements y after de-spreading and recombination 
of the signal components from the different paths between the n th transmit antenna and the m th receive antenna. The 
demodulator/detector 6 comprises a multi-finger RAKE receiver. The RAKE receiver has a receiver finger for each 
multi-path component. In each finger, the received signal is correlated by a spreading code, which is time-aligned with 
the delay of the multi-path signal. After de-spreading, the signals are weighted and combined. In a preferred embod- 
iment of the invention, maximal ratio combining is used, that is, each signal is weighted by the path gain. 
[0019] On the transmit side of the system, the set of N FIR filters 5 is assumed to include a separate FIR filter for 
each antenna in the transmit array 3, as shown in Figure 1. Let us denote w n = (^,^,...1/ )*the vector of. the F 
individual coefficients w .w of the FI Rfilterforthe transmit antenna n, where the symGol ( ^signifies transposition 
of the vector. The coefficients , with n= I,..., A/ and /=/,..., F, are complex coefficients; they are derived from channel 
transfer coefficients estimated at the receive side 2, when no channel reciprocity can be assumed (e.g., FDD systems), 
in order to optimise the output of a Rake receiver. Note, however, that when channel state estimation is known at the 
transmitter this operation can be done at the transmit side (e.g., TDD systems). 

[0020] Accordingly, the set of FIR filters 5 produces copies of the signals to be transmitted by said transmit antenna 
array 3, the delays and weights of the transmit copies for each transmit antenna element being functions of the re- 
spective multi-path transmission channel characteristics from that transmit antenna element to the receive antenna 
array 4. 

[0021] Figure 2 shows of an example of one practical embodiment of the set of FIR filters 5, for the specific case of 
a transmit antenna array 3 comprising two transmit antennas (N = 2) and four FIR coefficients per transmit antenna 
(F=4). In this embodiment, the FIR filters for the two antennas have common delay times, as represented by the 
common set of (F-1) delay elements, but respective weighting coefficients as represented by the separate sets 8 and 
9, each comprising F weighting elements. The signals from the sets of weighting coefficient elements 8 and 9 are then 
combined as represented by respective adder elements 10 and 11. Although the FIR filter sets 5 and 7 to 11 are 
represented as physical components, in the preferred embodiment of the invention, the functions of the FIR filters, of 
delaying, weighting and combining the signals to be transmitted are performed by software algorithms. 
[0022] Figures 3 and 4 show an example of the application of a system in accordance with Figure 1 or Figure 2 to a 
frequency division duplex (FDD) system based on a wideband code division multiple access (WCDMA) interface in 
downlink as specified for example in the 3GPP standard for UMTS but modified to include the transmit diversity system 
of the embodiment of the present invention shown in Figure 1 or Figure 2. The system comprises a base station (Figure 
3) having a transmitter section 1 and a receiver section that use the same antenna array 3 and several mobile stations, 
one of which is shown in Figure 4, having a receiver section 2 and a transmitter section that use the same antenna 
array 4. The embodiment of the invention shown in Figures 3 and 4, is shown with N- four transmit aerials at the base 
station and M = two receive aerials at the mobile station. The method of this embodiment of the invention is described 
as applied to communication between the transmitter of the base station ,shown in Figure 3, and the receiver of the 
mobile unit, shown in Figure 4. 

[0023] At the base station, data is input to a coding block 1 2 where CRC attachment, segmentation, channel coding, 
rate matching, interleaving and multiplexing are performed. The resulting data train is supplied to a QPSK modulation 
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unit 13: each pair of two consecutive symbols is mapped onto a QPSK symbol (e.g. the first bit on the in-phase (T) 
branch and the second one on the quadrature ('Q') branch). Then each branch is supplied to a spreading block 14 
where the same real-valued channelization code is used to spread to the chip rate the I and Q branches independently' 
The sequence of the real-valued chips on the I and Q branches is then treated as a sequence of complex-valued chips 
and is scrambled in a scrambling unit 15 by a complex-valued scrambling code. The resulting sequence of complex- 
valued chips is fed to the set of FIR filters 5. For each transmit antenna branch #n, (n=f ,...4), the sequence of complex- 
valued chips is supplied to a respective FIR filter of the set 5 whose coefficients and delays are controlled by the weight 
vector w n , n=1...4. Each weight vector is derived in a weight selection and update unit 16 from the feedback bits 
received by a base station receiver 1 7 (progressive refinement can be used, as described in the contribution by Motorola 
to a working group for the 3GPP standards entitled "Progressive Refined Tx AA Modes", and referenced TSGR1#7 
(99)c11 , Aug 30-Sep 3, Hannover Germany. The resulting signals on each branch are fed to the respective transmit 
antenna element of the transmit antenna array 3. 

[0024] Pilot symbols are included in the transmitted signals for each transmit antenna. Two types of pilot symbols 
are used: dedicated pilot symbols which will undergo the FIR filter on each antenna, and common pilot symbols (CPICH) 
which will be sent on the Multiple Input Multiple Output channel without FIR filtering. The dedicated pilot symbols will 
be used in the Rake receivers 6 at the mobile station whereas the CPICH pilot symbols will be considered in the 
computation of the optimal weight to be applied in transmission. A verification technique is used in a preferred embod- 
iment of the invention, as described in the contribution by Motorola to a working group for the 3GPP standards entitled 
"Verification algorithm for closed loop transmit diversity mode 2", and referenced TSGR1 #15(00)1 087 22-26th August 
2000, Berlin, Germany. Note that when the verification technique is used, a combination of the informations contained 
in both the dedicated and the common pilot symbols will be used. These channel estimation and equivalent channel 
estimation (i.e., mcluding the combination of the effect of the FIR filters of the set 5, and the channel response) are 
computed at the mobile station. 

[0025] The mobile station shown in Figure 4 comprises a respective de-spreading and de-scrambling unit 18 and 19 
for each receive antenna of the array 4, in which the received signals are de-spread and de-scrambled taking into 
account the respective delays introduced by the channel and the respective coefficients of the FIR filters of the set 5 
used in transmission. These operations are realized on a receive antenna basis and finger basis. One finger is asso- 
ciated to one delay (including delays due to the respective complex coefficients of the FIR filters of the set 5 and the 
respective delays due to the multipath channel). Note that the recommended number Hof fingers is equal to Q+F-1 
where Q is the number of non null paths (Q <; L) but can be less without significant degradation if the more relevant 
fingers are considered. The output of the units 18 and 19 is a set of R copies or replicas of the symbols After de- 
spreading and de-scrambling, the R replicas of each symbol are fed to maximum ratio combiners 20 and 21 (one per 
receive antenna) which combine them according to chosen criteria, such as maximal ratio combining for example in 
this embodiment. The coefficients to be applied for maximal ratio combining are supplied by a channel estimation unit 
22 that receives the signals directly from the antenna array 4. The resulting data from maximum ratio combiners 20 
and 21 are then summed (this corresponds to a summation over antennas) in a summing unit 23 and applied to a 
decoding block 24. The decoding block 24 performs the reverse operation of the coding unit 12 and outputs the esti- 
mated data. 

[0026] The weight optimisation and choice is performed at the mobile unit, in a block 25, using the channel estimation 
from the unit 22. In a preferred embodiment of the invention, a codebook (or lookup table) is used as described in the 
contribution by Motorola to a working group for the 3GPP standards entitled "UE Complexity Considerations of Feed- 
back Mode Transmit Diversity", and referenced TSGTSGR1 #3(99) 297, 22-26th March 1 999, Stockholm. If a codebook 
is used, as descnbed below, then the optimal set of coefficients for the FIR filters is the set of weights in the codebook 
that gives the highest received power given by P= yN»H»Hw. The identification of resulting set of weights is then sent 
through a mobile transmitter unit 26 during the uplink phase, respecting the conditions for the feedback such as the 
number of feedback bits per slot. Note that, as progressive refinement technique can be used, the set of available 
weights for the opt.misation can be reduced in order to take into account the previously sent feedback bits and onlv 
update information then needs to be transmitted over the uplink. 

[0027] Referring again to the more general case shown in Figure 1 , the (L+F-1 )-dimensional signal vector y = (y. 
/a. -.Xl^i) obtained on the receive antenna array 2 can be written, after de-spreading and when interference and 
noise are ignored, as 



y = Hwx 



Eq. 1, 



where H is the matrix of the equivalent channel seen by the data symbol x. This equivalent channel results from 
the convolut.on of each FIR filter with the channel on each antenna apart from the de-correlation process. The matrix 
H has L+F-1 rows and NxF columns, and is given by: 



6 
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[0028] In equation Eq. 1, the weight vector w is a column vector of length NxF, that is w= (tv 1 ,...,wF .w 1 

w^)'. An ideal maximal ratio combining Rake receiver combines the L+F-1 components of the row vector y by applying 

the following coefficients: 



u = 



H, ,H 

w H 



Hw 



Eq. 3. 



where the exponent H corresponds to the Hermitian transpose and conjugate vector. This means that the pilot 
sequences sent on each transmit antenna (both dedicated pilot symbols and common pilot symbols in a WCDMA 
system) are used to estimate the channel coefficients combined with the transmitted weights. Note that in equation 
Eq. 3, the vector u is normalized so that the noise-plus-interference level at the output of the Rake receiver does not 
vary with the channel coefficients. The output of the Rake receiver is then equal to: 



z= 7w H H H Hwx Eq. 4. 

[0029] If symbol data power is normalized, the instantaneous received power of the desired signal is equal to: 

Eq. 5 



P= w H H H Hw 



[0030] The weight vector w is chosen in order to maximize the received power P under the unit norm constraint ||w|| 
= 1 so that the total transmit power is also normalized. The analytic solution for w, also called the eigenfilter solution 
is the eigenvector corresponding to the largest eigenvalue of the matrix H H H (see for example chapters 4.4 and 4.5 of 
the book "Adaptive filter theory" by Simon Haykin, published by Prentice Hall). 

[0031] In one embodiment of the present invention, this analytic solution is computed, quantized, coded and trans- 
mitted from the receiver (e.g. mobile station) back to the transmitter (e.g. base station) in the case of FDD WCDMA 
communication, for example. 

[0032] In a preferred embodiment of the present invention, the components of the weight vector w are chosen among 
a list of predefined values stored at the receiver 2 (a look-up table or codebook), such that the resulting vector w 
maximizes the received power at least approximately, a corresponding list being stored at the transmitter 1. Each 
predefined value can be the combination of an amplitude value and a phase shift aexp(/<p)or just a phase shift exp(/<p) 
(apart from the transmit power normalization). A set of potential candidates for the phase shifts is for example 

{t'T'-T'-t} 

. An index defining the chosen vector w is then coded and sent back to the transmitter 1 for FDD schemes according 
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to a predefined speed (e.g., one bit per slot), which selects the corresponding vector in its own list. In this example 
this means that each weight vector w is coded onto two bits. Note that progressive refinement technique can also be 
used at both transmitter and receiver. The choice of the method and the quantization parameters depends on the 
required quality of service (bit-error-rate 'BER\ frame -error-rate *FER\ capacity, C/l requirements, feedback speed 
channel conditions,...). 

[0033] When channel reciprocity can be assumed, as for example in TDD systems, the analytic solution as well as 
the quantization process can be done at the transmitter and do not require any feedback from the receiver. 
[0034] In a preferred realization of this embodiment the number of coefficients per FIR filter on each transmit antenna 
of the array 3 is chosen equal to the channel length that is to say equal to the total number of multi-paths L for that 
channel. This number of coefficients has been found to represent a good compromise between performance and com- 
plexity. 

[0035] Figure 5 represents a simulation of the influence of the number of taps in the FIR filter (taps are spaced Tc 
apart, where Tc is the chip period), when the multi-path channel on each antenna is composed of 3 taps with respective 
energy 0.6, 0.3, 0.1 and respective delays 0, 2, 3 Tc. It will be seen that increasing the number of coefficients in the 
FIR filter results in improving the performance of the TXAA system: with a 4-coefficient FIR filter on each antenna, a 
gain of 2.3 dB can be obtained compared to a single weight per antenna. Increasing the number of coefficients to 12 
leads to an additional gain of 0.9 dB. However it will be seen that there is a saturation effect: in fact a TXAA system 
with a 12-coefficient FIR achieves substantially the same performance as a TXAA system with a 1 0-co efficient FIR 
although it is more complex. It is thus worthwhile to consider a trade-off between complexity (i.e., number of FIR 
20 coefficients) and performance. 

[0036] tn accordance with other preferred embodiments, as for example FDD systems, since the amount of signalling 
between receiver and transmitter (feedback) depends on the number F of coefficients in each FIR filter, it can be 
desirable to minimize this number, especially when channels with large delay spread are considered. For example let 
us consider a channel composed of O non null paths (Q< L) corresponding to respective delays g y 7 s , q 2 T s ,...,q Q T s , 
where q^]q^,q M [ for i=2,...,Q-l, o < g 1 <q Q = L-1 ( qj is an integer value). The approach described just above leads 
to a L-coefficient FIR filter on each antenna, which can be relatively complex if L is large, even if Q is small. In order 
to deal efficiently with the complexity versus performance problem, this number can be reduced to Q taps, ie to 
selecting only the number of non-negligible or relevant paths in the channel as a function of the number of multi-path 
trajectories between the transmit antennas and the receive antennas. These taps are not necessarily spaced T apart, 
but are chosen among the positions of the L coefficients corresponding to the delays 0, T s , 2T S ,...,(L-1)T S (not in terms 
of amplitude but delay). This is equivalent to consider a vector w n with L O null components,1for'n=r,.. */V. 
[0037] Let us denote w n (Q) the Q-dimensional vector obtainedfrom the vector w n by suppressing its null components. 
A preferred embodiment which leads to the maximum received energy written for the vector w(Q) = (w 1 (Q),w 2 (Q),..., 
w^O))*, is to select the positions of the non null coefficients in w n at the locations corresponding in terms of delays to 
35 the reverse channel filter, i.e., positions 

0 >q Q -q Q - v .,q Q ~q^ Eq. 6 
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[0038] The new matrix G, which has Ox N columns and L+F-f rows (/.a, 2L-f), to be used for power maximization 
(cf equation Eq. 5) is obtained by suppressing the columns of the matrix H corresponding to the null coefficients in w. 
The resulting FIR coefficients vector w(Q) are the components of the eigenvector corresponding to the maximum 
eigenvalue of the matrix GHg. The positions in terms of delays of these coefficients are given by equation Eq. 6. 
[0039] A preferred method of selecting FIR filter tap positions, calculating the coefficients and providing feedback 
from the mobile station to the base station is shown in Figure 6. In a first step 27, the tap positions (that is to say the 
delays) of the FIR filter at the base station are set based on an estimation of the uplink channel. In a second step 28 
the weight selection.and update unit 1 6 at the mobile station calculates QHq for each finger from the downlink signal 
pilots and, in a third step 29, the mobile station feeds the quantised information w(Q) (amplitude and phase) back to 
the base station through the uplink feedback (FB I) field to correct the tap positions and FIR coefficients. 
[0040] As an example let us consider a multi-path channel with 0=3 non null paths located at O, 27^ 3T C where T 
is the chip duration ( T S =T C in this case for simplification and L=4). Let us assume also that the systemTs composed of 
A/=2 transmit antennas and M=1 receive antenna. Finally, the number of coefficients in each FIR filter is supposed to 
be equal to 4 (i.e., F=4). The corresponding matrix H is given by 
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Eq. 7 



/5 [0041] The eigenvector w - (w^ , w^ ( iv 3 t w\. w^,w^w 3 } w A ) corresponding to the maximum eigenvalue of the matrix 
H H H leads to the coefficients to be applied on each 2 FtP* filler. 

[0042] If it is assumed that only 0=3 coefficients are non null in each FIR filter and located as described earlier (L 
e., corresponding to the delays 0, T c , 3T C ) then the resulting matrix G is given by 
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[0043] The eigenvector w(3) = (iv 1 ,v^,w 4 ,w^,W^,wt) corresponding to the maximum eigenvalue of the matrix G H G 
leads to the non-null coefficients to oe app/iea on each FIR filter (w^= w 3 = 0). 
35 [0044] Let us consider another example through a multipath channel with Q=3 relevant paths located at 0, 10T C and 
11T C . Then the two proposed schemes consider either a FIR filter with L= 12 coefficients per antenna or a FIR filter 
with only Q=3 well-located coefficients per antenna. If it is assumed that 2 quantization bits are used to determine a 
coefficient, then the total amount of feedback is divided by 4 with the second approach (24 bits in the first case, only 
6 bits in the second one). 

( fo [0045] Figure 7 represents a simulation, similar to Figure 5 of the performance obtained with this embodiment of the 
Vv present invention. It will be seen that this simplification (i.e., Q coefficients instead of L in each FIR filter on each 
antenna) results in a loss of only 0.5 dB and still enables more than 2.5 dB gain (when no quantization) for two transmit 
antennas with respect to the original Tx AA scheme. Note also that quantization, verification, progressive refinement 
techniques and feedback can be applied to this embodiment as described above. 



Claims 

1 . A method of closed loop wireless communication of signals using an adaptive transmit antenna array (3), in which 
a plurality of copies of signals to be transmitted by said transmit antenna array (3) are produced with delays and 
weights (w*) that are functions of the multi-path transmission channel characteristics (H) from said transmit antenna 
array (3) to a receive antenna array (4) of a receiver (2) and are combined before transmission by said transmit 
antenna array (3), 

characterised in that the delays and weights (W*) of the transmit copies for each transmit antenna element (n) 
are functions of the respective mu Iti-path transmission ch annel characteristics (h ' =1 ,...,/? fcL ) from that transmit 
antenna element to the receive antenna array such that the multi-path signal "dBn^poneri^^ropagated to each 
receiver element are received with distinguishable delays according to the propagation path, and that said receiver 
(2) combines the received signal components from each receive antenna element with delays and weights (u) that 
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are respective functions of the multi-path transmission channels. 

A method as claimed in claim 1 , wherein said receiver comprises a multi-finger RAKE receiver (6) that copies the 
received signals from said receive antenna array with delays and weights (t/) that are respective functions of the 
multi-path transmission channels and combines the copied received signals. 

A method as claimed in claim 1 or 2, wherein said delays and weights (iv 7 ) of the multi-path transmit copies are 
respective functions of the multi-path transmission channel characteristics" (/) /=1 ,...,h Y=L ) from each transmit 
antenna such as to maximise at least approximately the output of said receiv&P(2). n ' m=M 

A method as claimed in claim 3, wherein said delays and weights of said transmit copies are substantially equal 
to a matrix w, where wpt^.iv^..,^ represents the coefficients of the FIR filter applied on transmit antenna 
#/ and Mis the number of elementary time intervals in the FIR filter delay scheme, and wherein w is calculated to 
be substantially equal to the eigenvector corresponding to the largest eigenvalue of the matrix H"H, where H is 
the matrix of the equivalent channel seen by the symbol data and H" is the Hermitian transform of the matrix H. 

A method as claimed in claim 4, wherein said delays and weights applied by said receiver (2) are substantially 
equal to 



Vw H H H Hw 

A method as claimed in any of claims 1 to 3, wherein the number and delay position of said multi-path transmit 
copies are selected as a function of the number of multi-path trajectories between the transmit antennas (3) and 
the receive antennas (4). 

A method as claimed in claim 6, wherein the delay positions of said multi-path transmit copies for a given transmit 
antenna element and the receive antenna array are selected to be substantially equal to 0,q Q - q Q L lJ ... > q Q - g lP 
where q r r s , q 2 T Sf ...,q Q T st represent the delays of the Q non-null trajectories between that transmit antenna element 
and the receive antenna array. 

A method as claimed in claim 6, wherein said weights of said transmit copies are substantially equal to a vector 
w, where wH^i-^-^)' represents the coefficients of the FIR filter applied on transmit antenna #/and M is 
the number of elementary time intervals in the FIR filter delay scheme, and w is calculated to be substantially equal 
to the eigenvector corresponding to the largest eigenvalue of the matrix G"G, where G" is the Hermitian transform 
of the matrix G and G is derived from H, which is the matrix of the equivalent channel seen by the symbol data, 
by setting to null the weight columns In the matrix corresponding to unselected delay values. 

A method as claimed in claim 7, wherein said delays and weights applied by said receiver are substantially equal to 

7w H G H Gw 

A method as claimed in any preceding claim, wherein the maximum delay between said multi-path transmit copies 
for any one transmit antenna is substantially equal to the maximum delay between the multi-path trajectories 
between that transmit antenna and the receive antennas. 



A transmitter for closed loop wireless communication of signals comprising an adaptive transmit antenna array 
(3), finite impulse response filter means (5) for producing multi-path copies of the signals to be transmitted by said 
transmit antenna array with delays and weights (w 1 ) that are functions of the multi-path transmission channel 
characteristics (H) from said transmit antenna array (3) to a receive antenna array (4) and for combining the copied 
signals before transmission by the transmit antenna array (3), 

characterised in that the delays and weights (w*) of the transmit copies for each transmit antenna element (n) 
are functions of the respective multi-path transmission channel characteristics (h 7=1 ,...,h fcL ) from that transmit 
antenna element to the receive antenna array (4) such that the multi-path signaTtlfrfcponerte propagated to each 
receiver element are received with distinguishable delays according to the propagation path, and that the trans- 
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mitted signals are suitable for reception by a receiver (2) that combines the received signal components from each 
receive antenna element with delays and weights (u) that are respective functions of the multi-path transmission 
channels 

5 12. A transmitter as claimed in claim 11 , comprising channel information means (16) for receiving channel information 
from said receiver. 

13. A transmitter as claimed in claim 12, wherein said channel information means comprises a store for possible delay 
and weight combination functions of the copied signals, and said channel information means (1 6) identifies delay 

10 and weight combination functions from said store as a function of said channel information from said receiver. 

1 4. A transmitter as claimed in any of claims 1 1 to 1 3 suitable for performing a method according to any of claims 1 to 1 0 . 

15. A receiver comprising a receive antenna array (4) having at least one receive antenna for reception by closed loop 
'5 wireless communication of signals from a transmitter (1 ) comprising an adaptive transmit antenna array (3), 

characterised in that said receiver comprises combining means (18 to 21) for combining the received signal 
components from each receive antenna element with delays and weights (u) that are respective functions of the 
multi-path transmission channels (H) according to functions suitable for receiving a plurality of multi-path signal 
components combined at the transmitter and propagated to that receiver element by said transmit antenna array 
20 with delays and weights (w/) for each transmit antenna element (n) that are functions of the respective multi-path 

• transmission channel characteristics (h /=1 ,...,h 1=L ) from that transmit antenna element such that said multi- 

path signal components are received wWcllstinguiShable delays according to the propagation path. 

16. A method as claimed in claim 15, wherein said receiver comprises a multi-finger RAKE receiver (6) that copies 
25 the received signals from said receive antenna array with delays and weights (u) that are respective functions of 

the multi-path transmission channels and combines the copied received signals. 

17. A receiver as claimed in claim 15 or 16, comprising channel information means (22, 25) for sending channel in- 
formation to said transmitter (1). 

30 

18. A receiver as claimed in claim 1 7, wherein said channel information means (22, 25) comprises a store for possible 
delay and weight combination functions of the copied signals and said channel information means identifies func- 
tions from said store as a function of said channel information for said transmitter 

35 (1). 

19. A receiver as claimed in any of claims 15 to 18 suitable for performing a method according to any of claims 1 to 9. 
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